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Mr. Chairman, Gentlemen -- Those persons responsible  f o r  the plan- 
ning and s taging of t h i s  conference a r e ' t o  be congratulated on t h e  high 
q u a l i t y  of the program t h a t  i s  being presented. It i s  becoming increas-  
i ng ly  c l e a r  that  much progress toward t h e  goa l  of  i n t e rna t iona l  under- 
rstanding and good w i l l  results from meetings such as t h i s  one, where 
s c i e n t i s t s  and engineers  from many c o u n t r f e s  d i scuss  t h e i r  common prob- 
lems and exchange information on the pevul t s  of t h e i r  researches on a 
frank and open basis. I a m  happy t h a t  I am assoc ia ted  w i t h  an agency 
of t h e  U n i t e d  States Government which has as one of i t s  p r inc ipa l  
ob jec t ives  cooperation w i t h  otherY nat ions and groups of nat ions i n  
work done pursuant t o  t h e  Act which governs its a c t i v i t f e s .  

The National Aeronautics and Space Adminfstr*ation has a s f g n i f i -  
can t  interest  i n  research on magnetic materials and i n  developing a 
better understandfng of magnetic phenomena here on ea r th ,  i n  space 
and i n  t h e  v i c i n i t y  of t h e  o ther  p l ane t s  of our solar system. But 
i t  would be presumptuous of me, an ordinary adminis t ra tor ,  t o  l e c t u r e  
t o  t h i s  dis t inguished group of exper t s  in t h e  f i e l d  on t h e  subject  of 
magnetism and magnetic materials. Instead, 1 propose t o  t e l l  you 
b r i e f l y  about the dimensions and pr incif ia l  areas of e f f o r t  of t h e  
grogram w e  are pursuing in space Peseamh. Naturally,  I w i l l  i d e n t i f y  
the  na ture  of our i n t e r e s t  i n  t h e  spec fa l ty  w i t h  which you are con- 
cerned. F ina l ly ,  I want t o  attempt an assessment of the  United States 
program i n  space explorat ion w i t h  perhaps a sidelong glance a t  the 
comparable e f f o r t s  of our pr inc ipa l  competitor i n  t h i s  f i e l d  - 0  the 
Soviet  Union, 
a s s i s t ance  of severa l  very able s c i e n t i s t s  who are members of our  
staff a t  NASA.  

I n  t h e  preparat ion of t h i s  paper, I have had t h e  
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I,& m e  first dlspcee of t h e  elements of our program that undergird 
our scqcntif ' ic atid expPl.ratory effor ts  -- t h e  matter of launch vehiclee 
and t rack ing  and dab& acqu i s i t i on  stations,  I n  a l l  of t h i s  discussion, 
I hope you w i l l  keep i n  mind t h e  f a c t  that  t h e  so-called "Space Age" 
atJ heralded by the successful launching by t h e  Soviet Union of Sputnlk 
I i s  only three years o ld .  
years  and 2 months. Very e a r l y  i n  t h e  game, w e  recolgriized the ser ious 
handicap we faced i n  t h e  matter of launch vehicle t h r u s t  capab i l i t y ,  
As a r e s u l t ,  we  set i n  motion, In many ins tances  w i t h  t h e  cooperation 
of t h e  Depar#tment of Defense, a development program intended t o  co r rec t  
t h l s  def ic iency,  The i n t e n t  was and i s  t o  provido a family of rellznble 
launch vehic les  of varying apacecraft  o r  payload l i f t i n g  c a p a b i l i t i e s .  
Today w e  are uslng ter or more d i f f e r e n t  combinations of rockets  t o  
launoh spaoecraft  i n  tlie NASA and Defense Department space programs, 
We expect t o  reduce t h i s  number t o  f i v e  w i t h i n  the next few years. 

NASA i tself  hao been J n  busfneoa only 2 

The r e s u l t i n g  launch vehicle  systems w i l l  range from t h e  Scout, 
8 s o l i d  propel lan t  rocket combinatlon which w i l l  put a 150 pound space- 
craft i n t o  a 300 m i l e  o r b i t  t o  t h e  Saturn class of vehic les  which, i n  
i t s  three and fou r  stage configurations,  w i l l  p lace i,n t h e  same nominal 
orbit apaeedraft ranging from 19,000 t o  45,000 pounds. EZlgine and 
compor,srrt developments are underway f o r  both conventional and nuclear  
powered systems which will permit t h e  design and cons tmct fon  of even 
more powerful launch vehicle  systems i n  t h e  l a t t e r  part of the Reoade 
of t h e  601s. 1x1 t h e  t h i r d  quarter of 1961, w e  should begin t h e  t e a t  
f l i g h t s  of t h e  A*la.s-Centaur vehicle ,  a hydrogen-oxygen ayatem which 

&ould enable us to place i n  8500 pound. spaceemiff; In that same 300 mile 
o ~ b i t ,  Cn t h e  court$e of t h e  next 1'2 months, Thrsr arid AtZa.a-ba.sed &ma 
E vehicles will 'begin t o  be used i n  our pl*cgrarn with l i f t i n g  cttpsbllltlet:i 
i n  t h e  1600 to 5000 pound class.  
e f f o r t  -- but w e  can now speak w i t h  confidence about t h e i r  a v a l l a b i l f t y  
i n  t h e  r e l a t i v e l y  immediaLe f u t u r e .  

These developments take time -- and 

Space experiments are u s e l w 8  1.f w e  are n o t  able t o  acquire i n fo r -  
mation From them about t h e  environment of ou te r  space. Thus t racking  
and datu acquis i t fon  s t a t i o n s  have been i n s t a l l e d  and are now operating 
i n  14 count r ies  around t h e  world. Tracking f a c i l i t i e s  a r e  under con- 
s t r u c t i o n  In 7 add i t iona l  count r ies .  S t a t ions  outs ide t h e  t e r - r i t o r i a l  
l i m i t s  of t h e  Unfted S t a t e s  are being operated i n  whole or i n  part by 
na t iona la  of t h e  host  country thuru giving substance t o  our desires t o  
encourage i n t e r n a t i o n a l  pa r t i c ipa t ion  i n  our Elpace exploration program. 

Turning now t o  t h e  matter of experiments planned f o r  t h e  next 
severa l  years, our schedules c a l l  f o r  24 t o  30 ma,jor launches per  year .  
I n  the apace sciences area, perhaps t h e  best way t o  give you a n  Impres- 
s ion of t h e  nature  OF t h e  program i s  t o  l i s t  t h e  short  t i t l e s  assigned 
t o  t h e w  experiments. We are working i n  t h e  following area8 of space 
ecience: atmospheres, Ionospheres, g rav i t a t iona l  and magnetic f i e l d s ,  
r a d i a t i o n s  and astronomy. I have ind ica ted  most of therje area8 i n  t h e  
p l u r a l  t o  denote the f a c t  tha t  w e  are concerned not only w i t h  meamye- 
m e n t s  In t h e  v i c i n i t y  of t h e  earth, but a lso near t h e  moon, t h e  planets  
and even t h e  sun. Most of these areas will involve many f l i g h t s  spaced 
over a considerable number of years. 

, <under t h e  v f g o ~ o u s  d i r ec t ion  of our Jet Propulsion Labor*atory operated 
under cont rac t  t o  NASA by t h e  Cal i forn ia  Ins tS tu t e  of Technology. The 
f.tx;t 1autv:hiny; i n  t h i s  pr*oC;ram should take place i n  t h e  l a t t e r  h a l f  of 

R program of unmanned luna r  and planetary exploration is proceeding 
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s a t e l l i t e  techniques t o  communications and meteorology point t he  way 
toward i n t e n s i f i e d  e f f o r t s  t o  b r ing  about the establishment of satel- 
lite-based operat ional  systems i n  these f i e l d s ,  I n  t h e  commercial com- 
munications area, w e  expect en thus i a s t i c  cooperation from I n d u s t r i a l  
organizations a c t i v e  i n  t h e  various facets of t h e  communications indus- 
t r y ,  I n  meteorology, w e  are working c lose ly  w i t h  the Weather Bureau and 
t h e  Weather Services  of t h e  m i l i t a r y  departments i n  s t ruc tu r ing  a devel- 
opment program t h a t  should lead t o  usefu l  r e s u l t s  i n  the next few years .  
Thus w e  hope t o  f u l f i l l ,  a t  least  i n  p a r t ,  t h e  basic  objec t ive  of t h e  
U n i t e d  States space exploration e f fo r t  -- " t h a t  a c t i v i t i e s  i n  space 
should be devoted t o  peaceful purposes f o r  the benef i t  of a l l  mankind." 

t h e  capab i l i t y  of man t o  perform useful  tasks i n  space. The f irst  
element i n  t h e  manned epace f l i g h t  area -- Project  Mercury -- i s  nearing 
t h e  c ruc ia l  phase of manned b a l l i s t i c  f l i g h t ,  Early i n  1961, one of t h e  
seven as t ronauts  w i l l  be lo f ted  about 125 miles above the surface of the  
earth and w i l l  land Borne 200 miles down range. H e  w i l l  be i n  f l i g h t  
approximately 16 minutes and w i l l  experience 5 minutes of weightlessness 
during which w e  hope t o  learn something of h i s  physiological and psycho- 
l o g i c a l  react ion t o  t h i s  f irst  approach t o  f l i g h t  through space, 
i n  t h e  year, bar r ing  unforeseen d i f f i c u l t i e s ,  o r b i t a l  manned f l i g h t  w i l l  
be attempted. 

F ina l ly ,  our program includes a determined attempt t o  understand 

Later 

A l l  of t h i s  a c t i v i t y  f a  engaging t h e  determined e f f o r t s  of some 
19,000 NASA people and count less  thousands i n  indus t ry  throughout the 
country. I n  our Mercury program w e  are being supported, p a r t i c u l a r l y  
i n  t h e  recovery manuever, by elements of t h e  Department of Defense ,  I n  
t h e  NASA program alone, 915 m i l l i o n s  of dol-s w i l l  be committedduring 
t h e  course of t h e  current  fiscal year. Truly,  
t h i s  complex, d i f f i c u l t  and exc i t i ng  f i e l d  of research and development 
i s  being carried out i n  consonance w i t h  our stated miss ion  of exploring 
space f o r  beneffcfal  purposes f o r  all mankind. 

The subject  of t h i s  conference i s  relevant  and important t o  a l l  of 
our space programs. The relevance appears i n  many forms -- from t h e  
constant need f o r  magnetic devices i n  ins t rumenta t ion  t o  t h e  desire t o  
understand t h e  magnetic f ields of our galaxy. The r o l e  of magnetism i n  
t h e  space e f f o r t  can be I l l u s t r a t e d  beat by using examples of a divergent 
na ture .  

a massive a s sau l t  on 

Firs t ,  t h e  demand for  improved instrumentation w i l l  continue. 
Advances i n  magnetic matePials which lead t o  more e f f i c i en t  and r e l i a b l e  
transformers,  re lays ,  inductors,  s torage cores ,  tapes, e t c . ,  are impor- 
t a n t  cont r ibu t ions  t o  t h e  apace e f for t ,  The demand i s  no t ,  however, 
l i m i t e d  t o  improvements. Our ob jec t ives l in  space c%eate a need for new 
instruments based on the development of new techniques. Many of these 
have and w i l l  come from research on t h e  magnetic p rope r t i e s  of matter. 
J u s t  as  research on ferpites opened new avenues i n  microwave communi- 
cat ions and data systems, we a n t i c i p a t e  in our a c t i v i t e s  new boulevards 
.and side streets i n  t h e  fu tu re .  

. .  . .. 
. .  - .  .~ 



-4 - 
An illustrative link between the magnetic properties of matter 

and the study q f  magnetic fields in space occurs in the design of 
magnetometers for space exploration. 
precessional magnetometer carried in Vanguard I11 was made possible 
by research on nuclear magnetism. Its operation depended on the 
magnetization of protons in gasoline. 
equally well. Twenty years ago a man stating that he could measure 
magnetic field with water or gasoline would have been declared a 
crackpot -- and, if he claimed further that he could do this 2000 
miles above the earth by pressing a button he would have been put 
in an institution.) A more recent development for space exploration 
is the "optical pumping" magnetometer;:which measures a magnetic field 
by measuring (In the form of frequency) the magnetic splitting of an 
electron enef$y level in rubidium vapor. 
factor of 10 
cisely determined, the instrument is essentially an ultra-sensitive 
spectograph in which a frequency counter rather than a photographic 
plate is used for display. 

of magnetic fields in space. The knowledge is needed not only for 
explanations of geophysical and solar phenomena but also for under- 
standing our space environment. 
to altitudes of 1000 miles and beyond, we are moving fromJa region 
where our atmosphere is under hydrostatic and hydrodynamic conditions 
to a region where the magnetic field and hydromagnetics become the 
controlling features. The discovery of the radiation belts and the 
results of the Argus expertments dramatically illustrated this and 
with subsequent experiments we are increasingly aware of our magnetic 
field environment and the complexity of plasma and field interactions. 

Development of the proton 

(Water could have been used 

As energy differences a 
smaller than the energy of visible light are pre- 

These instruments and others are used to increase our knowledge 

When we pass from the lower atmosphere 

Magnetic fields in space can also present environmental problems 
in novel ways. 
is rapidly damped by motional induction. The earth's field will also 
exert a torque on a satellite possessing a significant magnetic moment 
from magnetic parts or current loops. These factors can, however, 
be used to advantage with proper design. 
magnetic torques on Tiros I, for example, maintained the proper 
orientation of the satellite for an extended time and, thus, additional 
pictures were obtained. 

The spin of a satellite with large conducting areas 

It was discovered that 

Let me now attempt a characterization of the main thrust of our 
U.S. space exploration program and an assessment of the values inherent 
in it as we look to the future. 
that a broad program of fundamental investigations of the various 
phenomena t o  be found i n  space and on and immediately sur roundingthe  
moon and the planets will lead to a better understanding of the 
physical world of which we are a part. 
we have enlisted thc advice and participation of the National Academy 
of Sciences through the medium of their Space Science Board,of 
Individual scientists and engineers associated with colleges and 

Basically, we adhere to the belief 

To accomplish this purpose 
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I n  t h i s  e i ' f o r t ,  we have been f o r t u n a t e  i n  t h e  s e n s e t h a t  the U . S .  
ha s  developed in t h e  vast  two decades  a t r a d i t i o n  of s t r o i A b  suppor t  
f o r  r e s e a r c h ,  a t r u l y  powerful  base f o r  s c i e n t i f i c  o p e r a t i o n s  i n c l u d -  
i n g  many l a r g e  l a b o r a t o r i e s  and r e s e a r c h  c e n t e r s  w i t h  h i g h l y  t r a i n e d  
staffs.  Because of t h e s e  r e s o u r c e s ,  t h e  n a t i o n  has been a b l e  t o  
deve lop ,  i n  a compara t ive ly  s h o r t  span  of time, a v igo rous  program i n  
t h e  m a c e  s c i e n c e s  wi thou t  r educ ing  t h e  l e v e l  of e f f o r t  i n  o t h e r  
f i e l d s  of' r e s e a r c h .  Ide have ,  i n  f a c t ,  develoned an e n t i r e l y  new 
f i e l d  t o  a v e r y  high l e v e l  of a c t i v i t y  i n  the  s h o r t  space of l i t t l e  
more t h a n  two years. 

It i s  a f a c t  tha t  t h e  t e s t  t u b e s  we inUSt  use i n  t h e s e  programs 
a r e  expens ive .  They r e q u i r e  t h e  i n g e n u i t y  and d i l i g e n t  e f f o r t s  of 
a l a r g e  number of well t r a i n e d  and expe r i enced  peop le  i n  i n d u s t r y  
and e l sewhere  whose c o n t r i b u t i o n s  i n  t h e  f i e l d s  of v e h i c l e  d e s i g n ,  
p ropu l s ion ,  guidance and c o n t r o l ,  i n s t r u m e n t a t i o n  and data r e t r i e v a l  
and a n a l y s i s  have been o u t s t a n d i n g .  i 4 u C h  of t h e  technology under -  
g i r d i n g  t h i s  a c t i v i t y  has been developed i n  suppor t  of m i l i t a r y  
r e s e a r c h  and development programs over  t h e  p a s t  s e v e r a l  y e a r s ,  of 
c o u r s e .  But t h e  inafn p o i n t  I would make i s  tha t  we have adhered  t o  
the b e l i e f  t ha t  we w i l l  a t t a i n  our  o b j e c t i v e s  of a c q u i r i n g  new 
knowledge and of app ly ing  that  knowledge for u s e f u l  pu rposes  most 
e f f e c t i v e l y  through t h e  m a i n t a i n i n g  of d i v e r s i t y  and depth i n  our  
approach  t o  t h e  e x p l o r a t i o n  of space .  

From t h i s  program has come a v a r i e t y  of impor tan t  r e s u l t s .  The 
U . S .  has been r e s p o n s i b l e  f o r :  

- the f i rs t  d e t e c t i o n  of trapped p a r t i c l e s  t h rough  t h e  d i s c o v e r y  
and i d e n t i f i c a t i o n  of t h e  Van Al l en  b e l t s  

- s a t e l l i t e  c o n t r i b u t i o n s  t o  geodesy and c e l e s t i a l  mechanics;  
the  pear -shaped  ear th;  g r a v i t a t i o n a l  p e r t u r b a t i o n s  by the sun 
and moon; t h e  e f f e c t  of s o l a r  r a d i a t i o n  p r e s s u r e  

th rough  s a t e l l i t e  d r a g  measurements 
-a c o r r e l a t i o n  between s o l a r  a c t i v i t y  and a tmosphe r i c  d e n s i t y  

-a c o r r e l a t i o n  between ground-based r a d i a t i o n ,  f i e l d  and 
a tmospher ic  d a t a  and d a t a  r e c e i v e d  s imul t aneous ly  from 
P ionee r  V i n  deep space  and from Exp lo re r  VI1 n e a r  the 
e a r t h  

-T i ros  c loud  cove r  photographs  which must c e r t a i n l y  l e a d  t o  
s i g n i f i c a n t  advanc,es i n  t h e  f i e l d  of weather  f o r e c a s t i n g  as 
a d d i t i o n a l  expe r imen ta t ion  i s  unde r t aken  
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-NASA8s Echo passive and t h e  AmyPs Courier ac t ive- repea ter  
communications experinente which are char t ing  the path t o  the 
satellite-based communications systems of the fu tu re  

-the Mavy*s Trans i t  s a t e l i i t e  experiments which promise a l l -  
weather navigatior, c a p a b i l i t i e s  f o r  both m i l i t a r y  and non-military 
ships  and aircraf'c. 

The ult imate goal .-.- snabl ing man t o  t r a v e l  through space wherrever 
and whenever he choosds w i l l  be r ea l i zed  only when we have developed 
a much more complete understanding of t h e  space environment. Thus 
f a r  we have only scratched %he surface,  s i g n i f i c a n t  though our f ind -  
ings  t o  date have been. 

Important as the spec tacular  r e s u l t s  of our Soviet  sompetitors 
have been, I am convimed k h a t  -the more fundamental and apparent ly  
more broadly-based program w e  are pursuing must, i n  the end, lead 
t o  the  more use fu l  r e s u l t s  f o r  mankind. As launch vehic le  systems 
of g r e a t e r  t h r u s t  become available t o  us ,  we wfll be able t o  u t i l i z e  
the knowledge w e  have gained t o  assert our leadership i n  whatever 
f i e l d  of space exp lo i t a t ion  we desire as a na t ion  t o  undertake. 

F ina l ly ,  i n  making an  assessment of our posiC,ion w i t h  respec t  
t o  t ha t  of the Soviet  Union it i s  important t o  note  $hat the average 
q u a l i t y  of Soviet  s c i e n t i f i c  research i s  the same as our own. T h i s  
opinion, he ld  by h igh ly  q u a l i f i e d  s c i e n t i s t s  on our staff ,  i s  based 
on a perusa l  of Soviet  l i t e r a t u r e  and on personal contac ts  i n  con- 
fe rences  held beeween 1956 and 4960, bo$h i n  nuclear  physics and 
i n  areas related 'CS space research.  The range of a b i l i t i e s  of 
Soviet  s c i en t i s f ; s  would appear $0 approximate those of U . S ,  s c i e n t i s t s .  
A few are b r i l l i a n t ,  as good 8 s  our best phys i c i s t s ,  and the major i ty  
do conventional but necessary research.  
that i n  sp i t e  of t he  e q u a l i t y  of t a l e n t  IR U.S, and U,S ,S .R ,  sc ience,  
nea r ly  a l l  of the  h ighly  o r i g i n a l  work i n  space research has come 
ou% of the  U . S .  paaogrm. 

But i% i s  a s t r i k i n g  f a c t  

While I arm as aware as anyone ear, be of %he deep impression made 
on the rest  of the wcrld by -the speetasubar na ture  of the Soviet  
successes i n  t h i s  field. %Q date -- an impression that  has been 
heightened by an  e ~ o m ~ u s  propaganda ef fskS -0 P hold very  s t rongly  
the  opinion &ha% t h i s  eonapetition w i l l  EO$ be won by a f e w  spec tacular  
sho%s. I would remind you that our Eeh~o eomunica t ions  sa te l l i t e  -- 
a comparatively inexpensive experiment -- has made a deep and more 
abiding impression i n  o the r  na t ions  than many sf the  more d i f f i c u l t ,  
more expensive, and perhaps m o m  s c f e n t i f i c a % l y  s i g n i f i c a n t  experi- 
ments w e  have thus  f a r  c a r r i e d  OU%, We w i l l  have more such successes 
that  w i l l  b r ing  recogni t ion to t h i s  na t ion  as w e  pursue the  program 
I have described ton igh t .  

I$ i s  extremely important t e a  note  $ha% t h i s  assessment refers 
t o  the s i t u a t i o n  a t  the  preset-& ranmeanto The USSR i s  believed t o  
be t r a i n i n g  s c i e n t i s t s  a t  a ra te  s u b s t a n t i a l l y  greater than the 
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ra te  of t r a i n i n g  i n  %he Uni",-ad S t E l z s .  It i s  e:ntirely poss ib le  that  
the Soviet  Union mzy strei?gl;!?en t h e  we2.k spoks i n  i t s  s c i e n t i f i c  
s t r u c t u r e  and :now aio.eaa t o  overtake us i n  every- :important area of 
research i n  the  course of t h e  nex5 decade. L e t  m e  note again t h a t  
the  i n t r i n s i c  a b i l i t y  of t he  Soviet  s c i e n t i f i c  community i s  not 
i n f e r i o r  t o  our own. There i s ,  t;herefore, no reason  why they cannot 
overtake us  in t h i s  period. if we do not  continue to develop and 
s t rengthen our own program. To accomplish t h i s  purpose must be one 
of our top  objec t ives  i n  t h e  years ahead. I have f a i t h  t h a t  we can 
and w i l l  do t h i s ,  i f  we have %he good sense and the i n t e s t i n a l  forti- 
tude t o  put our minds to t h e  task. 

Thank you f o r  your time and a t t e n t i o n .  

. .. . ._ 




